1. Introduction {#sec1-nutrients-12-02398}
===============

Adolescence is a critical period for growth and development \[[@B1-nutrients-12-02398]\]. Among the various health problems faced by this age category is paediatric obesity \[[@B2-nutrients-12-02398]\]. According to the World Health Organisation (WHO), the prevalence of obesity among children and adolescents aged 5--19 years in Lebanon was 13.9% in 2016 \[[@B3-nutrients-12-02398]\]. Overweight and obesity can lead to numerous physical and mental complications \[[@B4-nutrients-12-02398]\]. Overweight and obesity are caused by an energy imbalance between the energy input (i.e., food intake) and the energy output (i.e., resting metabolic rate and physical activity), and are highly influenced by the obesogenic environment \[[@B5-nutrients-12-02398]\]. Among Lebanese adolescents specifically, the intake of sugar-sweetened beverages was found to be positively correlated with overweight, and higher intakes of milk and dairy products were negatively associated with overweight \[[@B6-nutrients-12-02398]\].

Many demographic factors affect eating behaviours, including the age, gender, degree of urbanisation, place of residence, and socio-economic status \[[@B7-nutrients-12-02398]\]. Studies have shown that older children had a significantly higher intake of energy-dense snacks compared to younger participants \[[@B8-nutrients-12-02398]\]. Furthermore, adolescent girls are more adherent to red meat intake guidelines compared to boys, but the intake of fruits and vegetables is low for both genders \[[@B9-nutrients-12-02398]\]. In Lebanon, obesity is more prevalent among women living in urban areas with a higher socio-economic status \[[@B10-nutrients-12-02398]\]. In addition, dietary knowledge plays an important role \[[@B7-nutrients-12-02398]\]: individuals with higher dietary knowledge levels are almost 25 times more likely to consume adequate amounts of fruits, vegetables, and fat compared to those with a lower level of dietary knowledge \[[@B11-nutrients-12-02398]\]. In addition, the clustering or co-occurrence of behaviours is another important factor influencing eating habits \[[@B12-nutrients-12-02398]\]. For instance, eating unhealthy snacks and watching television are two separate behaviours that are often performed simultaneously \[[@B12-nutrients-12-02398]\]. It seems that unhealthy behaviours often cluster with other unhealthy ones, and that healthy behaviours also often co-occur with other healthy behaviours. Other determinants of adolescents' dietary intake include parental nutrition knowledge and food habits \[[@B7-nutrients-12-02398]\]. Romanos-Nanclares, et al. \[[@B13-nutrients-12-02398]\] reported that parental dietary knowledge of the recommended daily servings of food groups was positively correlated with the adequate consumption of dairy products, fruits, vegetables, and other food groups by their children. Similarly, healthier parental eating attitudes were associated with a greater consumption of fruits and vegetables, and a lower consumption of butter and meat by their children \[[@B13-nutrients-12-02398]\].

In Lebanon, studies have investigated neither the correlation between the dietary knowledge and dietary adherence of adolescents and children, nor the influence of the parents on their children's dietary knowledge and adherence. In addition, very few studies have analysed the correlation between dietary habits and anthropometric outcomes of Lebanese adolescents. Moreover, there are no studies examining potential determinants related to the eating habits of Lebanese adolescents. Therefore, the aim of the current paper is to assess the levels of dietary knowledge, dietary adherence, and the BMI of Lebanese adolescents, as well as their association with demographic variables, parental dietary knowledge and adherence levels, and with clustered behaviours. This cross-sectional study included participants living in both urban and rural areas in Lebanon from different socio-economic backgrounds.

2. Materials and Methods {#sec2-nutrients-12-02398}
========================

2.1. Study Design and Participants {#sec2dot1-nutrients-12-02398}
----------------------------------

The current cross-sectional study was conducted between October and December 2017, among 15- to 18-year-old adolescents attending public and private high schools in Beirut, Baalbeck, and Rayak in Lebanon, as well as their parents. Beirut, the capital of Lebanon, is an urban region, whereas Baalbeck and Rayak are rural regions. A total of 16 high schools were randomly selected from a list of high schools from the Ministry of Education, located in the selected locations: eight high schools from Beirut (six public and two private), six high schools from Baalbeck (three public and three private), and two high schools from Rayak (one public and one private). Participation was voluntary. Inclusion criteria for the participating adolescents included: (1) being Lebanese and enrolled in a Lebanese public or private high school located in one of the selected regions; (2) aged 15--18 years; (3) being fully capable (cognitive, psychiatric, and physical ability) of communicating (as reported by parents or by school administration); (4) not having any chronic or genetic diseases (as reported by parents or by school administration).

The required sample size (*n*) was directly proportional to the prevalence of overweight and obesity among Lebanese adolescents. As the adolescents participating in the previous pilot study \[[@B14-nutrients-12-02398]\] were highly cooperative, we did not oversample our required sample size to anticipate attrition \[[@B15-nutrients-12-02398]\]. This resulted in a minimally required sample size of 331 and 165, based on overweight and obesity prevalence, respectively.

The sampling method was nonselective, meaning that all participants meeting the inclusion criteria and present at the moment of data collection were approached. After receiving the consent of the school principal, all subjects gave their informed consent for inclusion before participating in the study. The questionnaire stated clearly that once it was filled in and handed in, this meant that the adolescent accepted and assented to participate in the study. A similar assent statement was also included in the parents' version of the questionnaires. In addition, students' consent was also orally confirmed by the principal investigator (PI) before administering the questionnaire. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Lebanese Ministry of Education and Higher Education (15,465/3/2016; date: 06/10/2017) and the Institutional Review Board of the Lebanese International University (LIUIRB-171,212-LS1). The final sample included 1535 adolescents and 317 parents (participation rate 19.4%). None of the approached adolescents refused to participate.

2.2. Data Collection {#sec2dot2-nutrients-12-02398}
--------------------

Data collection at schools was performed by a dietitian (PI) and a trained research assistant. Quality control measures, such as training, pre-testing of the study questionnaires, and data collection and data entry monitoring (e.g., data curation, double entry, range checks for data values, etc.), were applied. Data were collected using Arabic questionnaires (the native language of the participants). We describe the collected data in more detail below.

### 2.2.1. Socio-Demographic Data {#sec2dot2dot1-nutrients-12-02398}

The socio-demographic information included the following: (1) age of the participants and their date of birth; (2) their gender; (3) the school class; (4) the type of school (public or private); and (5) the address (urban or rural).

### 2.2.2. Dietary Knowledge {#sec2dot2dot2-nutrients-12-02398}

A Dietary Knowledge Questionnaire (DKQ) was administrated to adolescents and their parents. This questionnaire aims to assess the level of dietary knowledge of Lebanese adolescents and their parents. It was specifically designed for the current population and it was previously validated on a smaller similar sample of Lebanese adolescents (*N* = 220) and parents (*N* = 108) \[[@B14-nutrients-12-02398]\]. The DKQ consists of five parts, covering different nutrition-related themes \[[@B14-nutrients-12-02398]\]. After filling in the questionnaire, a total knowledge score is calculated by adding the points obtained on each item. The maximum possible score is 56, reflecting an extremely high level of dietary knowledge, and the minimum score is zero. The questionnaire showed an acceptable internal reliability, as Cronbach's alpha was 0.82 for adolescents and 0.83 for the parents \[[@B14-nutrients-12-02398]\].

### 2.2.3. Dietary Adherence {#sec2dot2dot3-nutrients-12-02398}

A Dietary Adherence Questionnaire (DAQ) was administrated to adolescents and their parents, aiming to assess their level of adherence to the dietary recommendations listed in the consensus statement from the American Heart Association \[[@B16-nutrients-12-02398]\] and the Dietary Reference Intakes \[[@B17-nutrients-12-02398]\]. This DAQ was designed specifically to suit the Lebanese population and it was previously pre-tested \[[@B14-nutrients-12-02398]\]. It consists of four parts. The total dietary adherence index is obtained by dividing the score for healthy items by the score for unhealthy items. If the resulting index is higher than 1, this means that the healthy food choices and habits outweigh the unhealthy ones. The opposite is true if the index is lower than 1. The maximum possible score is 37, reflecting a total adherence to dietary recommendations, and the minimum score is zero. The internal reliability was acceptable, as Cronbach's alpha was 0.64 for adolescents' healthy items and 0.61 for adolescents' unhealthy items \[[@B14-nutrients-12-02398]\]. As for the parents, Cronbach's alpha was 0.56 for both healthy and unhealthy items.

### 2.2.4. Anthropometric Measurements {#sec2dot2dot4-nutrients-12-02398}

Weight and height were measured using standardised protocols and procedures \[[@B18-nutrients-12-02398]\] and calibrated equipment. Adolescents were weighed to the nearest 0.1 kg in light indoor clothing and without shoes \[[@B18-nutrients-12-02398]\]. Height was measured without shoes and recorded to the nearest 0.1 cm. Adolescents stood with their heels together, arms by their sides, legs straight, shoulders relaxed, and head in the Frankfort horizontal plane \[[@B18-nutrients-12-02398]\]. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m^2^) \[[@B18-nutrients-12-02398]\].

BMI is recognised as the most appropriate measure to detect paediatric obesity \[[@B19-nutrients-12-02398]\] and it is a strong predictor for total fat mass in children and adolescents older than nine years \[[@B20-nutrients-12-02398]\]. BMI measurement presents many advantages: it is inexpensive, relatively easy to obtain, non-invasive, and quick \[[@B21-nutrients-12-02398]\]. The WHO recommends using *z*-scores for consistency and comparability, compared to percentiles \[[@B22-nutrients-12-02398]\]. BMI *z*-scores, also known as BMI standard deviation (SD) scores, are measures of relative weight adjusted for age and gender \[[@B23-nutrients-12-02398]\]. In the current study, the gender- and age-specific BMI *z*-scores were calculated using the WHO AnthroPlus software \[[@B24-nutrients-12-02398]\]. As a frame of reference, BMI *z*-scores were classified as follows: ≤−3 indicating severe malnutrition; −2 to −2.9 indicating moderate malnutrition; −1 to −1.99 indicating mild malnutrition \[[@B25-nutrients-12-02398]\]; −0.99 to 1.03 indicating normal weight; 1.04 to 1.63 indicating overweight; 1.64 to 2.32 indicating obesity; and ≥2.33 indicating severe obesity \[[@B26-nutrients-12-02398]\].

Anthropometric measurements were obtained for 1418 out of 1535 (92.4%) adolescents. The rest of the participants were either absent during the measurement collection, refused to take their weight and/or height (e.g., because they were shy), or refused to follow the required procedure (e.g., refused to take their shoes off).

2.3. Statistical Analyses {#sec2dot3-nutrients-12-02398}
-------------------------

Data were entered and analysed using the Statistical Package for Social Sciences version 25.0 (SPSS Inc., Chicago, IL, USA). We used descriptive statistics to analyse the participants' characteristics, the average scores, the BMI *z*-score average, and the participants' answers to the questionnaires. Independent *t*-tests were employed to determine significant differences between subgroup means (boys vs. girls, urban vs. rural, and public vs. private). Pearson's correlations were used to explore potential relations between knowledge, the adherence scores of adolescents and parents, and BMI *z*-scores. Effect sizes were categorised to three groups: small (r = 0.10--0.29), medium (r = 0.30--0.49), and large (r ≥ 0.50) \[[@B27-nutrients-12-02398]\]. One-way analysis of variance (ANOVA) with a post hoc Tukey's test was used to determine any differences between the three study locations (Beirut, Baalbeck, and Rayak). A *p* value of less than 0.05 was considered statistically significant. The obtained scores are expressed as mean and standard deviation (SD).

3. Results {#sec3-nutrients-12-02398}
==========

3.1. Demographic Characteristics {#sec3dot1-nutrients-12-02398}
--------------------------------

The demographic characteristics of the participating adolescents and parents are shown in [Table 1](#nutrients-12-02398-t001){ref-type="table"}. The sample included more females than males (66.1% of the adolescents and 76.4% of their parents), more participants living in rural regions (67.3% of the adolescents and 50.2% of their parents), and more participants enrolled in public high schools (71.3% of adolescents and 90.5% of their parents).

3.2. Dietary Knowledge Score {#sec3dot2-nutrients-12-02398}
----------------------------

Adolescents scored an average of 26.91 (SD = 7.46) out of 56 on the DKQ, and 59.2% answered more than half of the questions incorrectly. In terms of demographic characteristics, there was no significant difference in the knowledge score between groups, except for the location: adolescents from rural schools scored higher than those from urban ones (*p* \< 0.001; see [Table 2](#nutrients-12-02398-t002){ref-type="table"}).

Parents scored an average total knowledge score of 35.29 (SD = 7.65) out of 56 on the DKQ, and there were no significant differences between the groups based on demographics, except for the type of school, with the parents of students from private schools scoring significantly higher (see [Table 2](#nutrients-12-02398-t002){ref-type="table"}). Detailed responses on the DKQ for both adolescents and parents are shown in the [Supplementary Files---Table S1](#app1-nutrients-12-02398){ref-type="app"}.

3.3. Dietary Adherence Index {#sec3dot3-nutrients-12-02398}
----------------------------

The mean total dietary adherence index score was 1.80 (SD = 1.57), and 32.4% of adolescents obtained a score below 1 (i.e., healthy items score was lower than unhealthy items score). Girls scored significantly higher than boys (*p* = 0.02), and adolescents living in rural regions scored higher than adolescents living in urban regions (*p* \< 0.001).

The mean healthy item score among adolescents was 8.83 (SD = 3.64) out of 37. There were significant differences between groups regarding gender, grade, and location. The mean unhealthy items score was 6.37 (SD = 3.19) out of 38, and there were significant differences between groups related to gender, type of school, and location (see [Supplementary Files---Table S3](#app1-nutrients-12-02398){ref-type="app"}).

In terms of physical activity, younger adolescents from grade 10 and from public schools tended to practice physical activity (PA) at school more than adolescents from grade 11 and from private schools (*p* \< 0.001 for both). Similarly, adolescents living in urban regions tended to participate more in physical activity classes compared to adolescents from rural regions (*p* \< 0.001). As for the screen-viewing time of adolescents, girls and adolescents living in urban regions tended to spend more time watching television and looking at smartphones, tablets, and other screens, compared to boys and adolescents living in rural regions (*p* \< 0.001 and *p* = 0.011, respectively, see [Supplementary Files---Table S4](#app1-nutrients-12-02398){ref-type="app"}).

Parents had a mean total dietary adherence index of 2.69 (SD = 1.82), and there were no significant differences between the groups based on demographics (see [Table 2](#nutrients-12-02398-t002){ref-type="table"}).

The mean healthy items score among parents was 10.21 (SD = 3.31), and there were no significant differences between groups in terms of demographics except for gender. The mean unhealthy items score among parents was 4.87 (SD = 2.59), and there were no significant differences between groups, except for location (see [Supplementary Files---Table S3](#app1-nutrients-12-02398){ref-type="app"}). Detailed responses on the DAQ for both adolescents and their parents are shown in [Supplementary Files---Table S2](#app1-nutrients-12-02398){ref-type="app"}.

3.4. BMI z-Score {#sec3dot4-nutrients-12-02398}
----------------

The mean BMI *z*-score of the adolescents was 0.44 (SD ± 1.20), ranging from −3.78 to 4.11 (see [Table 3](#nutrients-12-02398-t003){ref-type="table"}). Overall, more than half of the adolescents (59%) had a normal BMI *z*-score (−0.99 to 1.03). A total of 13.9% were overweight, 16.3% were obese, and 10.7% were underweight.

3.5. Correlations {#sec3dot5-nutrients-12-02398}
-----------------

### 3.5.1. Knowledge and Adherence Scores {#sec3dot5dot1-nutrients-12-02398}

[Table 4](#nutrients-12-02398-t004){ref-type="table"} shows the correlations between knowledge and adherences scores. There was a significant positive medium correlation between the total knowledge score of the adolescents and the total knowledge score of the parents (*p* \< 0.001). There were significant small positive correlations between the total knowledge score of the adolescents and their healthy items (*p* \< 0.001), and their total dietary adherence index (*p* \< 0.001). In addition, a significant small negative correlation was found between the total knowledge score of adolescents and their unhealthy items score (*p* \< 0.001).

The total knowledge score of the parents was significantly positively correlated with their total dietary adherence index (*p* = 0.007), and negatively correlated with their unhealthy items score (*p* = 0.01). The healthy items score of the parents was significantly positively correlated with the healthy items score of their children (*p* \< 0.001), and the same medium positive correlation was found between the unhealthy items score of the parents and their children. In addition, the total dietary adherence indexes of the parents and adolescents were significantly positively correlated (*p* = 0.007). Detailed correlations between the DAQ items of the parents and adolescents are shown in [Supplementary Files---Table S6](#app1-nutrients-12-02398){ref-type="app"}.

### 3.5.2. BMI *z*-Score and Total Knowledge and Adherence Scores {#sec3dot5dot2-nutrients-12-02398}

The BMI *z*-score of the adolescents was significantly positively correlated with their total knowledge score (*p* = 0.001) and the total knowledge score of the parents (*p* = 0.029). By contrast, the BMI *z*-score was significantly negatively correlated with the healthy items and unhealthy items score of adolescents (*p* \< 0.01), and the healthy items score of the parents (*p* = 0.005; see [Table 5](#nutrients-12-02398-t005){ref-type="table"}). Detailed correlations between the BMI *z*-score and the DAQ items of adolescents are shown in [Supplementary Files---Table S6](#app1-nutrients-12-02398){ref-type="app"}.

### 3.5.3. Clustered Behaviours {#sec3dot5dot3-nutrients-12-02398}

There was a significant negative correlation between the breakfast intake among adolescents and the intake of high-fat meats (*r* = −0.09; *p* = 0.001), the intake of commercial fruit juices (*r* = −0.08; *p* = 0.002), the number of snacks (*r* = −0.20; *p* \< 0.001), and the screen-viewing time (*r* = −0.08; *p* = 0.004).

The physical activity of adolescents at schools was significantly and positively correlated with the following: the intake of vegetables (*r* = 0.06; *p* = 0.03), physical activity practice outside school (*r* = 0.25; *p* \< 0.001), and the weekly number of hours spent on physical activity (*r* = 0.53; *p* \< 0.001). There was a significant negative correlation with the intake of high-fat dairy products (*r* = −0.05; *p* = 0.049), the intake of commercial juices (*r* = −0.06; *p* = 0.03), the number of snacks (*r* = −0.07; *p* = 0.009), and screen-viewing time (*r* = 0.07; *p* = 0.012; see [Supplementary Files---Table S5](#app1-nutrients-12-02398){ref-type="app"}).

4. Discussion {#sec4-nutrients-12-02398}
=============

To the best of our knowledge, the current study is the first to examine the dietary knowledge and dietary adherence levels of Lebanese adolescents from urban and rural regions and their parents, as well as the correlation between them and their association with the BMI *z*-scores of adolescents.

Adolescents scored relatively low on the knowledge score. A previous study on 9- to 11-year-old Lebanese children showed higher knowledge scores (average 63% compared to 48% in the current study). The interviewers of the current study insisted that if participants did not know the answer to a question, they should indicate "do not know" rather than provide random answers. As this eliminates filling in the correct answer by chance, this might have influenced the lower knowledge score. However, another cross-sectional study reported that 86% of the participating United Arab Emirati adolescents had a low level of dietary knowledge \[[@B28-nutrients-12-02398]\]. With regard to the parents, their average dietary knowledge score was 63%, thus scoring higher than their children. This is in line with another study reporting similar knowledge scores among parents \[[@B29-nutrients-12-02398]\].

The average total adherence index among adolescents was above 1, meaning that, overall, the healthy items outweighed unhealthy ones, in line with a previous study \[[@B14-nutrients-12-02398]\]. These findings are in line with previous studies in various countries. In a study using the Healthy Eating Index, Brazilian adolescents scored an average of 51.8 (out of 100) \[[@B30-nutrients-12-02398]\]. In European countries, poor compliance with the dietary recommendations was observed in 37.6% of children \[[@B31-nutrients-12-02398]\], in line with the 32.4% found in the current study. Additionally, the current study showed relatively low healthy items scores, compared to another study among adolescents aged 15--18 years from New Zealand using the Healthy Dietary Habits for adolescents index \[[@B32-nutrients-12-02398]\].

With regard to the parents, the total dietary adherence index was well above 1, and the healthy items score was also higher than their children's scores. It therefore seems that parents' diets are healthier than those of their adolescent children. To our knowledge, there are no studies assessing the level of dietary adherence of parents specifically, but a study in Qatar among adults in general reported similar dietary adherence scores \[[@B33-nutrients-12-02398]\]. Another study including Saudi adults showed a lower level of dietary adherence (average score of 47.4%) \[[@B34-nutrients-12-02398]\].

Overall, the present study showed high rates of overweight and obesity among Lebanese adolescents (13.9% and 16.3%, respectively). In particular, the percentage of obesity appeared high. This could be due to the nutrition transition affecting Lebanese children and adolescents who are adopting the Western lifestyle, characterised by long hours of screen-viewing time and the excessive consumption of fast food \[[@B6-nutrients-12-02398]\]. In a previous study among Lebanese youth, the prevalence of overweight (30.8%) was higher \[[@B6-nutrients-12-02398]\], and the prevalence of obesity was lower (10.3%). Another cross-sectional study including Jordanian adolescents also reported higher rates of overweight (15.7%) and lower rates of obesity (8.7%) \[[@B35-nutrients-12-02398]\], although different cut-off points were used in both studies to interpret the BMI *z*-scores. Furthermore, the BMI *z*-score was significantly higher among boys compared to girls in the current study, in line with other studies reporting that boys are at a higher risk for obesity \[[@B6-nutrients-12-02398]\]. As for the type of school, the average BMI *z*-score was significantly higher in private high schools compared to public ones. Thus, adolescents with a higher socio-economic status (more often attending private schools with higher tuition fees \[[@B36-nutrients-12-02398]\]), tend to be overweight or obese more often. Similar to many developing countries, in Lebanon, obesity is more prevalent among individuals with a higher socio-economic status \[[@B10-nutrients-12-02398]\]. Furthermore, the average BMI *z*-score was also higher among urban participants compared to rural individuals, which is also reported in other studies conducted in Lebanon and Jordan \[[@B6-nutrients-12-02398],[@B35-nutrients-12-02398]\].

However, underweight is another nutritional problem that this age category faces, with 10.7% of the current adolescents being undernourished. In a study in Tunisia, the prevalence of underweight among a similar sample of adolescents was lower (4.8%) \[[@B37-nutrients-12-02398]\]. Underweight among adolescents was reported in many Arab countries, ranging from 5 to 25% \[[@B10-nutrients-12-02398]\]. These numbers indicate the presence of both types of malnutrition (under- and overnutrition) in one country and among a critical age category, requiring further attention. This is assumed to be mainly due to unhealthy eating habits and a lack of dietary knowledge \[[@B10-nutrients-12-02398]\]. The double burden of a high prevalence of both overweight and underweight in many developing countries has devastating public health and economic consequences, especially in low-income countries \[[@B38-nutrients-12-02398]\].

Despite mostly small effect sizes, the significant positive correlation between the dietary knowledge of adolescents and the total dietary adherence index shows that knowledge is one of the factors influencing the dietary habits of Lebanese adolescents. In other words, the more adolescents know about nutrition, the better they follow the dietary guidelines. These findings are in line with other studies reporting that university students with a higher nutrition knowledge score were more likely to follow the dietary guidelines \[[@B39-nutrients-12-02398]\]. The current results also showed that the level of the parents' dietary knowledge influences their children's eating behaviours only indirectly, by influencing their children's dietary knowledge; a direct correlation between parents' knowledge and children's eating was not evident. Zarnowiecki, Sinn, Petkov, and Dollman \[[@B29-nutrients-12-02398]\] also reported that dietary knowledge levels of children and their parents were positively correlated. Studies among younger children (8--11 years) do report a direct correlation between parents' knowledge and their children's healthy food intake \[[@B40-nutrients-12-02398]\], which might reflect the gatekeeping role parents have for younger children's eating behaviour \[[@B41-nutrients-12-02398]\]. In adolescents, parents have less control over what their children eat \[[@B42-nutrients-12-02398]\]. Nonetheless, adolescents' eating behaviours were similar to their parents' dietary habits. Parents frame family diets, shape the development of culturally appropriate eating patterns in children, and are role models for eating behaviour \[[@B41-nutrients-12-02398]\].

As for the parents, we noticed a positive correlation between their total knowledge score and the adherence index, reflecting once again that knowledge is an important determinant of dietary habits \[[@B7-nutrients-12-02398]\]. There was also a negative correlation between the unhealthy items score and the knowledge score, but there was no significant correlation between the healthy items score and the knowledge level. This means that, among parents, the dietary knowledge may act as an inhibitor of unhealthy eating habits rather than as a stimulator of healthy eating habits. These individuals may thus be aware of what should be avoided, but not necessarily of the available healthy alternatives. A similar correlation between the knowledge and the healthy and unhealthy items scores was found in a previous study among Lebanese adolescents \[[@B14-nutrients-12-02398]\].

A positive correlation between the BMI *z*-score of adolescents and their dietary knowledge score was found, which might indicate that overweight and obese children tend to be more interested in nutrition compared to other children. Similarly, parents of children with higher BMI *z*-scores tended to be more knowledgeable about nutrition as well. In line with this, Milosavljević, et al. \[[@B43-nutrients-12-02398]\] reported that the minimum knowledge score of adolescents was higher among those with a higher BMI. However, a study conducted in Jordan found that mothers with a high to moderate level of knowledge were more likely to have a child with a decreased waist circumference, but their knowledge was unrelated to their children's BMI \[[@B44-nutrients-12-02398]\]. Other available studies did not measure the BMI *z*-score, but rather only the BMI, failing to adjust for gender and age differences in BMI among adolescents \[[@B21-nutrients-12-02398]\]. The BMI *z*-score of the current adolescents was further significantly negatively correlated with the intake of both the healthy items and the unhealthy items. Previous research has also shown that adolescents with higher BMIs tend to adopt less healthy behaviours \[[@B45-nutrients-12-02398]\]. However, their lower consumption of unhealthy items indicates that overweight and obese adolescents tend to eat less food overall (both healthy and unhealthy), perhaps to decrease their weight. Alternatively, there might be a higher social desirability bias among overweight and obese adolescents. In addition, the negative correlation between the BMI *z*-score and the healthy items score of the parents indicates that the healthy eating habits and PA practices of the parents influence the weight of their children. This is because parents following healthy habits may influence their children to adopt similar healthier choices (see correlation of healthy items score of adolescents and their parents), thereby leading to a decreased BMI *z*-score. To our knowledge, studies have not evaluated the association between the child's BMI *z*-score and the healthy and unhealthy behaviours of the parents separately.

The main strength of the present study is its large and diverse sample covering both urban and rural regions and different types of high schools. Data collection was performed according to standardised and quality-controlled procedures. This is the first study in the region to investigate the correlation between the dietary knowledge and dietary adherence of adolescents and their parents. It is also the first study to examine the correlation between the BMI *z*-score of Lebanese adolescents and the levels of dietary knowledge and dietary adherence of adolescents and their parents. The current study allows us to understand the dietary behaviour of Lebanese adolescents and the factors influencing it. In addition, all the questionnaires used were pre-tested and designed specifically to suit the Lebanese population \[[@B14-nutrients-12-02398]\]. Furthermore, the study focused on both healthy and unhealthy food and health-related behaviours.

Some limitations should be also considered. First, the sample did not include participants from all the Lebanese regions, and it is therefore unclear whether the results can be generalised to the larger population. Second, the sample was not equally distributed over the different subgroups (e.g., based on gender, region). These differences in the sample subgroups were expected based on previous studies conducted on a similar sample, with more girls than boys, as the percentage of girls enrolled in Lebanese high schools is higher compared to boys \[[@B14-nutrients-12-02398]\]. Similarly, the number of participants from rural regions was higher than those from urban regions, despite having included fewer rural schools, because the number of students per class in rural schools is higher compared to urban high schools \[[@B14-nutrients-12-02398]\]. In line with this, an unequal number of participants between public and private schools could have been expected \[[@B14-nutrients-12-02398]\]. This was also observed in other studies outside Lebanon \[[@B35-nutrients-12-02398],[@B46-nutrients-12-02398]\]. Third, the dietary knowledge and adherence variables were based on self-reports rather than on objective assessment, potentially causing bias. However, direct measurements (e.g., observation) are not feasible in studies with a large population \[[@B31-nutrients-12-02398]\].

Implication for Research, Practice, and Policy
----------------------------------------------

Our findings are of interest to researchers, health promoters, educators, dietitians, and policy makers involved in improving the nutritional status and diet quality of adolescents worldwide. This study is the first step preceding the implementation of a dietary intervention to ameliorate the eating habits of Lebanese adolescents. Such interventions should be planned carefully to suit individuals with different BMI *z*-scores to prevent further weight loss among adolescents with undernutrition (10.7%). Health promoters should target the factors with the highest effect sizes with regard to BMI *z*-score and dietary adherence to make interventions more effective and more efficient, especially knowing that schools have limited time when it comes to extra-curricular activities. In addition, interventions should focus on individuals with the lowest dietary knowledge and adherence scores, e.g., adolescents from urban regions. Additionally, as some healthy behaviours co-occur with other healthy eating habits, future interventions must emphasise the importance of these specific behaviours (e.g., breakfast consumption and decreased screen-viewing time) to enhance their effectiveness.

5. Conclusions {#sec5-nutrients-12-02398}
==============

This study indicates that the prevalence of overweight and obesity has reached alarming rates among Lebanese adolescents and it emphasises the importance of implementing interventions to prevent paediatric obesity among the youth population. Such interventions should target behaviours that are associated with a lower BMI *z*-score, such as breakfast consumption, and focus on nutrition topics for which adolescents show the lowest knowledge and dietary adherence. National studies to investigate the change in obesity rates, as well modifications in the dietary knowledge and adherence levels in Lebanon, are recommended.

We are grateful to Cecilia Said, who helped with the data collection and data entry and to all the staff and participants of the high schools involved in this study.

The following are available online at <https://www.mdpi.com/2072-6643/12/8/2398/s1>. Table S1: Responses to the Dietary Knowledge Questionnaire by the adolescents and their parents. Table S2. Responses to the Dietary Adherence Questionnaire of the adolescents and their parents. Table S3. Between group comparisons of the healthy items and unhealthy items scores of the adolescents and their parents. Table S4. Between group comparison of separate Dietary Adherence Questionnaire (DAQ) items according to demographic characteristics. Table S5: Pearson's correlations between the DAQ items of adolescents. Table S6: Pearson's correlations between the DAQ items of adolescents and the DAQ items of the parents, the total knowledge score of adolescents, and the BMI *z*-score.
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###### 

Demographic characteristics of the participants.

                            Adolescents (*N* = 1535)   Parents (*N* = 317)
  ------------------------- -------------------------- ---------------------
  Age, mean (SD)            15.8 (0.8)                 43.3 (8.2)
  Gender, *n* (%)                                      
  Male                      520 (33.9)                 72 (23.6)
  Female                    1015 (66.1)                233 (76.4)
  Location, *n* (%)                                    
  Beirut (U)                501 (32.6)                 158 (49.8)
  Baalbeck (R)              834 (54.3)                 122 (38.5)
  Rayak (R)                 200 (13.0)                 37 (11.7)
  Type of school, *n* (%)                              
  Public                    1094 (71.3)                287 (90.5)
  Private                   441 (28.7)                 30 (9.5)
  Grade, *n* (%)                                       
  Grade 10                  870 (57.0)                 181 (57.3)
  Grade 11                  655 (43.0)                 135 (42.7)

U: Urban; R: Rural; SD: Standard deviation.
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###### 

Means (SD) and differences in total knowledge and adherence scores among adolescents and their parents.

                   Adolescents    Parents                                                                          
  ---------------- -------------- ------------- -------------- ------------- -------------- -------- ------------- ------
  Overall          26.91 (7.46)   \-            1.80 (1.57)    \-            35.29 (7.65)   \-       2.69 (1.82)   \-
  Gender                                                                                                           
  Male             26.45 (8.37)   0.10          1.68 (1.39)    0.02          34.21 (6.56)   0.11     2.86 (2.08)   0.40
  Female           27.15 (6.94)   1.87 (1.65)   35.86 (7.84)   2.64 (1.73)                                         
  Class                                                                                                            
  Grade 10         26.60 (7.27)   0.10          1.80 (1.52)    0.86          34.62 (7.77)   0.07     2.81 (1.90)   0.16
  Grade 11         27.24 (7.70)   1.82 (1.65)   36.20 (7.46)   2.50 (1.69)                                         
  Type of school                                                                                                   
  Public           26.70 (6.85)   0.11          1.83 (1.46)    0.40          34.87 (7.64)   \<0.01   2.68 (1.71)   0.79
  Private          27.44 (8.76)   1.75 (1.83)   39.37 (6.59)   2.78 (2.76)                                         
  Location                                                                                                         
  Urban            25.36 (7.80)   \<0.01        1.61 (1.28)    \<0.01        35.84 (7.33)   0.21     2.78 (1.63)   0.41
  Rural            27.66 (7.17)   1.91 (1.70)   34.75 (7.94)   2.60 (1.99)                                         
  Beirut (U)       25.36 (7.80)   \<0.01        1.61 (1.28)    \<0.01        35.84 (7.33)   0.27     2.78 (1.63)   0.33
  Baalbeck (R)     27.59 (6.99)   1.87 (1.50)   34.42 (7.89)   2.70 (2.19)                                         
  Rayak (R)        27.99 (7.86)   2.04 (2.30)   35.86 (8.14)   2.25 (0.99)                                         

Notes: Maximum points are 56 for dietary knowledge (DKQ) and \>1 for dietary adherence (DAQ) reflecting better adherence to healthy rather than unhealthy behaviours. Differences were examined using an independent *t*-test for binary variables and ANOVA post hoc for differences between Beirut, Baalbeck, and Rayak. Abbreviations: DKQ: Dietary Knowledge Questionnaire; DAQ: Dietary Adherence Questionnaire; U: Urban; R: Rural.
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###### 

Means of BMI *z*-scores among Lebanese adolescents.

                        Mean BMI *z*-Score (SD)
  --------------------- -------------------------
  *Overall*             0.44 (1.20)
  Gender \*\*           
  *Boys*                0.58 (1.33)
  *Girls*               0.38 (1.12)
  Grade                 
  *Grade 10*            0.43 (1.22)
  *Grade 11*            0.45 (1.17)
  Type of school \*\*   
  *Public*              0.38 (1.16)
  *Private*             0.60 (1.28)
  Location \*\*         
  *Urban*               0.57 (1.27)
  *Rural*               0.38 (1.16)

Notes: \*\* Within each group, mean BMI *z*-scores are significantly different at *p* \< 0.01. Differences were examined using an independent *t*-test. Abbreviations: BMI: Body mass index; SD: Standard deviation
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###### 

Correlations between knowledge and adherence scores of the adolescents and their parents.

                                                          Adolescents   Parents                                                                 
  ------------------------------- ----------------------- ------------- -------------- ------------- ------------- ------------- -------------- -----------
  **Adolescents**                 Total Knowledge score   0.12 \*\*\*   −0.13 \*\*\*   0.14 \*\*\*   0.26 \*\*\*   0.09          −0.04          0.10
  Healthy Items score                                     0.15 \*\*\*   0.45 \*\*\*    −0.02         0.28 \*\*\*   0.09          0.10           
  Unhealthy Items score                                                 −0.54 \*\*\*   −0.05         0.04          0.29 \*\*\*   −0.15 \*       
  Total Dietary Adherence index                                                        0.08          0.15 \*       −0.14 \*      0.16 \*\*      
  **Parents**                     Total Knowledge score                                                            0.11          −0.15 \*       0.16 \*\*
  Healthy Items score                                                                                              0.27 \*\*\*   0.30 \*\*\*    
  Unhealthy Items score                                                                                                          −0.62 \*\*\*   

\* *p* \< 0.05; \*\* *p* \< 0.01; \*\*\* *p* \< 0.001 (Using Pearson's correlation).
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###### 

Correlations between knowledge and adherence scores and BMI *z*-scores of adolescents.

                                     Total Knowledge Score of Adolescents   Total Dietary Adherence Index of Adolescents   Healthy Items Score of Adolescents   Unhealthy Items Score of Adolescents   Total Knowledge Score of Parents   Total Dietary Adherence Index of Parents   Healthy Items Score of Parents   Unhealthy Items Score of Parents
  ---------------------------------- -------------------------------------- ---------------------------------------------- ------------------------------------ -------------------------------------- ---------------------------------- ------------------------------------------ -------------------------------- ----------------------------------
  **BMI *z*-Score of Adolescents**   0.09 \*\*                              0.02                                           −0.11 \*\*\*                         −0.09 \*\*                             0.13 \*                            −0.01                                      −0.17 \*\*                       −0.08

\* *p* \< 0.05; \*\* *p* \< 0.01; \*\*\* *p* \< 0.001 (Using Pearson's correlation).
